An exploration of the dynamically generated Λ and Σ resonances has been made in the vector meson-baryon (VB) systems coupled to pseudoscalar meson-baryon (PB) channels. The VB interactions are obtained from the Lagrangians written within the hidden local symmetry which, in addition to Yukawa-type vector-baryon-baryon (VBB) vertices, naturally gives rise to a contact interaction. Using the VBB vertices, we calculate the t-, s-and u-channel diagrams considering the octet baryon exchange in the latter two cases. For the PB channels we rely on the the 1754 − i2 MeV, 1862 − i33 MeV, 2139 − i14 MeV together with a broad 1/2 − Σ * with mass ∼ 1430 MeV. We find that most of these next-to-low-lying states couple weakly with the pseudoscalar mesons, which implies that it is important to study the reactions with VB final states in order to obtain a reliable information on the properties of such resonances.
I. INTRODUCTION
Understanding meson-baryon interaction is an important aspect of exploring the strong interaction at low and intermediate energies. A lot of work has been done in this direction, especially in case of the low energy interaction of light pseudoscalar mesons and baryons, where several resonances in the baryon spectrum arise due to this interaction [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . These states can be understood as weakly bound meson-baryon systems, whose existence originates directly from the characteristics of the theory of quantum chromodynamics (QCD), which leads to the generation of a quark-antiquark pair when the distance between the quarks increases. In other words, this leads to the decay of a heavier hadron to two (or more) lighter ones. Such a decaying heavier hadron can be understood as a quasi-bound system of two (or more) lighter hadrons (for baryon resonances found in two, three (or more) meson-baryon systems see, for example, Refs. [12] [13] [14] ). In case of the pseudoscalar meson-baryon system, the low energy interaction has been found to be governed by the spontaneous breaking of the chiral symmetry of QCD and is well explained in terms of the low energy theorems. Studies of relevant systems, accomplished with the effective field theories based on chiral symmetry and its spontaneous breaking have been very successful in explaining the properties of some of the baryon resonances.
Recently, some attention is being paid to the vector meson-baryon (VB) interactions as well [15] [16] [17] [18] [19] [20] [21] [22] . The difficulty in this case comes from the fact that vector mesons are not light enough for the low energy theorems to be applicable. Considering this, we have recently studied the vector meson-baryon interaction within a formalism based on the hidden local symmetry (HLS), which accommodates vector mesons consistently with the chiral symmetry.
In this work we have calculated the t-, s-and u-channel exchange diagrams together with a contact interaction which arises from the part of the HLS Lagrangian related to the anomalous magnetic moment of the baryons. It was shown in Ref. [21] that this latter contact interaction is demanded by the gauge invariance of the HLS Lagrangian containing the term related to the anomalous magnetic moment of the baryons. The contribution from all the diagrams, except the s-channel exchange, considered in Ref. [21] was shown to be important for the systems with total strangeness zero. The purpose of the present work is to study the strangeness −1 VB systems.
Further, in an independent study, we checked the effect of coupling vector mesons to the resonances generated in the PB systems in Ref. [23] . Some earlier works have shown that certain baryon resonances couple strongly to both pseudoscalar and vector mesons [15] [16] [17] . In Ref. [23] we made a coupled channel calculations taking both PB and VB channels into account for total strangeness −1 but since the focus was on the low-lying resonances, we calculated the PB and VB diagonal amplitudes by considering only the tchannel diagrams which simplified the formalism. The transition amplitudes between the two channels were obtained by extending the Kroll-Ruderman theorem by replacing the photon by a vector meson under the vector meson dominance notion. Our calculations done in this formalism lead to very interesting results. We found that the low-lying Λ and Σ resonances couple strongly to the closed, heavy mass, VB channels. These results do not imply that the wave functions of the low-lying strangeness −1 resonances consists of important VB components because the heavy mass of the VB channels suppresses it.
However, the findings of Ref. [23] are very important for building models to study reactions producing such resonances. Although the motivation for the study reported in Ref. [23] was to study low-lying resonances, we tested if the heavier resonances became wider by coupling them to PB channels but an interpretation of the higher energy resonances could not be made conclusively since the t-channel diagrams were considered as the only source of VB interactions. Thus, it remains to study the effect of coupling pseudoscalar mesons to VB resonances, which is appropriate to make in the present work and use the wisdom gained from Refs. [21, 23] together.
The paper is organized as follows: in the next section we obtain the interaction between the vector mesons and baryons with total strangeness −1 and discuss the transition amplitudes between VB and PB systems. We show the amplitudes obtained on the real axis and discuss the related poles found in the complex plane. Finally, we give a summary of the resonances found in the present work and their relation to the known resonances..
II. VECTOR MESON-BARYON INTERACTION.
The foundation of our formalism lays on the gauge invariant vector meson-baryon (VB) Lagrangian written as
which has been obtained through the minimal substitution
and by requiring that the nucleon fields (ψ) transform under the hidden local symmetry (HLS) as ψ → h(x)ψ, where h(x) is an element of the HLS. We set the sign convention such that, analogously to the quantum electrodynamics, a positive sign for the amplitude
arises for a positively charged field. Further, keeping in mind the importance of the reproduction of the anomalous magnetic moment of the baryons, we extend the interaction term of Eq. (1) (in SU(2)) to
with
It was discussed in detail in Ref. [21] , that the hidden gauge invariance of the Lagrangian given by Eq. (3) requires the invariance of the new term:ψh † (x)σ µν ρ µν h(x)ψ, which can be accomplished only when the commutator part of the tensor field ρ µν is taken into account. Consequently, one is left with a contact VB interaction which should be essentially considered. Further, this interaction was found to be large in Ref. [21] . Additionally, the analytical calculations of the amplitudes corresponding to the exchanges of the octet baryons in the s-and u-channels, at the leading order, were also found to be comparable in order of magnitude to those obtained from the t-channel and the contact interactions. All these findings motivated the SU(3) generalization of the Lagrangian of Eq. (3) to
for the Yukawa type vertices and
for the contact interactions, where the subscripts 8 and 0 denote the octet and singlet vector fields, respectively, which have been obtained by considering the ω − φ mixing into account.
The constants D and F in Eq. (5) are fixed to the values 2.4 and 0.82, respectively, as in
Ref. [24] , where a good reproduction of the magnetic moments of the baryons was obtained.
Further, the constant for the singlet vector meson-baryon interaction C 0 is taken as 3F − D.
In this way, we have the anomalous magnetic couplings of the vector meson-baryon-baryon vertices consistent with their known values:
The Lagrangian given by Eq. (6) leads to the amplitude of the vector meson-baryon
where in Eq. (7) for the VB systems with strangeness −1 and isospin 0 and 1 configurations are given in Tables I, and II, respectively. 
The amplitudes for the s-, u-and t-channel exchanges can be obtained using Eq. (5) and the three-vector Lagrangian contained in the kinetic herm of the vector field;
For the sake of completeness, we would like to mention at this point that we use the standard approach of obtaining the s-, u-and t-channel amplitudes within the non-relativistic limit, which is suitable for studies of hadronic systems at near-threshold energies. Such diagrams, 
thus, effectively give rise to point interactions, which have the following general form:
The coefficients C t ij , C u ij , C s ij have been listed in Ref. [21] for the meson-baryon systems with total strangeness 0. We give the C ij coefficients of Eq. (9-11) for the strangeness −1 systems with isospin 0 as well as 1 in: Tables III, IV for the u-channel and Tables V, VI for the s-channel, respectively. The C t ij 's (for the t-channel) can be found in Refs. [4, 23] . It is important to recall that the contribution of the s-and u-channel diagrams in the present study of s-wave (near-threshold) meson-baryon interaction comes only from the terms involving the negative energy solution of the Dirac equation for the baryon propagator. Since such diagrams require large momentum transfers at the non-relativistic energies, we include a form factor in the calculations of these diagrams which is written following Refs. [25] [26] [27] [28] as:
where x is the Mandelstam variable under consideration (s or u), M x is the mass of the baryon exchanged in such diagrams and Λ is a parameter which we fix as 650 MeV since it corresponds to a reasonable average size of the hadrons (∼ 0.6 fm). 
TABLE IV: Coefficients for the U-channel potential for S = −1 and I = 1.
Coefficients for the S-channel potential for S = −1 and I = 0.
TABLE VI: Coefficients for the S-channel potential for S = −1 and I = 1.
III. COUPLING VB AND PB SYSTEMS.
The motivation of our present work is twofold: one comes from the findings of Ref. [21] , where a detailed study of the vector meson-baryon interaction was done for the total strangeness zero systems. It is natural to explore the strangeness −1 systems next. Further, a formalism was developed in Ref. [23] to couple the pseudoscalar and vector mesons to baryon resonances, and a study of low-lying strangeness −1 baryon resonances was made.
The choice of the low energy range and strangeness −1 systems was made in the latter work recalling that it is in this sector where those states exist which can be considered as the best candidates acquiring the nature of dynamically generated resonances. The work presented in Ref. [23] relied on the diagonal interactions obtained from the t-channel exchange, which is suitable for studying low-lying resonances and which simplified the calculations. Within the latter simple formalism, we tested the energy region of VB resonances too to test if their widths increased by coupling them to the PB channels and we found that the effect of the PB-VB coupling was not limited to widening of poles. It lead to moving of the poles in the complex plane, which turned them to either virtual states or shadow poles. It is, thus, important to study strangeness −1 VB systems coupled with those of PB with the VB interactions obtained in the previous section. 
where the trace ... has to be calculated in the flavor space andF = 0.46,D = 0.8 such thatF +D ≃ g A = 1.26. The ratioD/(F +D) ∼ 0.63 here is close to the quark model value of 0.6, and the empirical values ofF andD can be found, for example, in Ref. [29] . The coupling between the PB and VB channels, g KR = 6, in Eq. (13), has been obtained using the Kawarabayashi-Suzuki-Riazuddin-Fayazuddin relation [30] :
Using Eq. (13), the amplitudes for the processes involving all the strangeness −1 PB-VB systems have been obtained and are given in Ref. [23] , which we use in the present work also.
IV. RESULTS AND DISCUSSIONS
In the previous sections we have given the information required to calculate the lowest order amplitudes for different channels coupled to strangeness −1 involving pseudoscalar and vector mesons. These amplitudes have been used as the kernels to solve the Bethe-Salpeter
where the loops are calculated using a Gaussian cut-off
with the same cut-off values as those used in Ref. [23] : for the PB channels Λ PB = 750
MeV and for VB channels Λ VB = 545 MeV. Finally, we would like to add that the loops of the channels involving mesons with large widths (ρ, K * ) have been calculated by making a convolution over the varied mass of these mesons [19, 21, 23] .
A. Λ * and Σ * in VB systems
The total isospin of a VB system can be 0 or 1 and since we are looking for dynamically generated resonances, it is most relevant to study the low energy meson-baryon scattering considering the relative s-wave interaction. This implies that the total spin-parity of the VB systems in our work can be either 1/2 − or 3/2 − . We show the VB squared amplitudes for isospin 0 in corresponding to three poles (already discussed in Refs. [19, 23] ): 1795 − i0 MeV, 1923 − i4
MeV and 2138 − i21 MeV. However, by adding the contact interaction we find that none of the spin 1/2 poles survive as physical poles (meaning that the poles cannot be related to any physical state since they move in the complex plane to either become a virtual or a 
Note that the superscript * * indicates the unphysical nature of the pole (which means a virtual or a shadow pole). 
Couplings (g i ) of the poles to the different channels
shadow pole), contrary to the spin 3/2 case where three poles are found (see Tables VII and   VIII) . It is important to mention here that the poles listed in Tables VII and VIII to a pole in the complex plane and are cusp structures present near the thresholds of thē K * N and ρΣ channels, respectively. It should be added here that these cusp structures look like Breit-Wigner peaks due to the loops calculated with the convolution procedure. By adding the contact interaction and s-and u-channel diagrams, we find that the peak near 1830 MeV shifts to a lower energy by about 20 MeV in the spin 1/2 case and the peak near the ρΣ threshold also shifts to a lower energy by 20 MeV in the spin 3/2 case and a corresponding resonance/bound state pole is found in both cases. The former peak corresponds to a spin 1/2 bound state pole in the complex plane at 1822 − i0 MeV and the latter one to a spin 3/2 resonance pole at 1947 − i5 MeV (see Table IX ). Notice that a peak structure can be seen near 2.2 GeV in some spin 1/2 and 3/2 amplitudes (solid lines), which is just the K * Ξ cusp and does not signify the presence of any physical states. Additionally, theK * N cusp continues to show-up in the final spin 3/2 amplitudes (solid lines). Tables VII, VIII, 
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Channels ↓ Couplings (g i ) of the poles to the different channels
We would like to postpone relating the 1/2 − poles found in our work to the known resonance states to the subsequent sections, where the coupling of VB and PB channels will be discussed. However, the 3/2 − poles in our formalism do not couple to the PB channels in the s-wave, thus we can try to associate them to the known Λ * /Σ * states.
In case of Λ * , there is only one known resonance with J π = 3/2 − in the 1700-2400 MeV energy region [31] : Λ (2325) D 13 . None of the three 3/2 − states found in the present work seem to be compatible with this resonance. Thus our 3/2 − states, with the properties listed in Table VIII are the predictions which should be tested in the experiments in the future.
The evolution of these resonances in the VB systems, although non-trivial, is plausible since weakly bound molecule like states can exist near the threshold of the attractively interacting hadrons.
In the isospin one case also, there is only one Σ resonance [31] This s-wave interaction couples the VB and PB channels with total spin 1/2 only, thus the only the results with J π = 1/2 − discussed in the previous subsection get affected by the PB-VB coupling and the results for J π = 3/2 − remain unchanged. Indeed the calculations done within a different formalism in Ref. [22] shows that the PB-VB coupling does very little to the 3/2 − VB channels and is more important in the J π = 1/2 − case.
The amplitudes for the VB systems with isospin 0, coupled to PB channels are shown in with solid lines in Fig. 1 and as discussed in the previous subsection, the peaks appearing in these results do not correspond to a pole in the complex plane which can be related to a physical state. We find, however, that theK * N virtual pole given in Table VII turns into a resonant pole for g KR = 3 coupling between the PB and VB channels (see Table X ). It moves closer to the real axis on increasing the coupling to 6 and ends up at 1929 − i48 MeV.
This pole seems to couple strongly to the ρΣ channel and might be related to the poorly Note that no poles are found in isospin 0, spin 1/2 VB systems uncoupled to PB channels (as shown in Table VII ). However, one of the unphysical poles listed in Table VII: 1827 − i0 MeV, which is aK * N virtual pole, turns into a resonance pole when PB channels are coupled to it. This pole continues to be virtual for g KR = 1.5 (the subscript * * indicates its virtual nature).
Kroll-Ruderman coupling: g KR 1.5 3 6
channel with the largest coupling strength (as shown in Table X ) .
Before going ahead we would like to briefly discuss about the existence of an ambiguity of the sign in the relative phase of the couplings of the PB and VB systems to a resonance.
The source of the ambiguity lies in the fact that the PB ↔ VB transition amplitudes coming from the Lagrangian given by Eq. (13) are such that T PB→VB = −T VB→PB (which in turn is the result of the purely imaginary nature of the kernel V PB→VB ). Thus, to calculate the couplings we need to fix our convention. We do so by writing the amplitudes in terms of the effective couplings of a resonance to its constituent PB and VB hadron-pairs as
and we write the non-diagonal amplitudes consistently as
Formally, Eq. (19) is obtained by taking the complex conjugate of Eq. (18) with the phase of the couplings g PB and g VB kept unchanged. However, equivalent amplitudes can also be obtained from effective Lagrangians written in terms of an "effective field" of the resonance and Eqs. (16) (17) (18) (19) have been written with this prescription, which has been used to calculate the couplings of the resonance to different meson-baryon channels.
Next, we discuss the results for isospin 1, spin 1/2 PB-VB coupled channels. The squared amplitudes obtained in this case are shown in Fig. 4 . As shown in Table IX Fig. 4 show the corresponding peak in the squared amplitudes calculated on the real axis. We find that coupling this pole to the pseudoscalar mesons does not alter its properties much and results in only a little increase in its width. This can be understood by looking at the weak coupling of this pole to the different PB channels given in Table XI. TABLE XI: g i couplings of the spin 1/2, isospin 1 poles to the VB and PB channels for different strengths of the coupling of the Kroll-Ruderman term. Note that three poles appear for PB-VB coupling g KR = 6.
Kroll-Ruderman coupling:
Thus, even though the phase space for this state increases by coupling lighter decay channels to it, its weak coupling to the latter does not lead to a larger width. Interestingly, we find that two more isospin 1, spin 1/2 poles emerge when PB and VB channels are coupled:
1873 − i88 MeV and 1936 − i132 MeV. These poles are found for g KR = 6 and possess large couplings with the ρΣ and K * Ξ channnels.
Let us now check if the isospin 1 states found in our work can be related to any of the known resonances of Ref. [31] . We find the pole 1821 − i16 MeV to be compatible with the Σ(1750)S 11 . It is important to mention that the Breit-Wigner mass and width of this state extracted from the amplitude on the real axis: 1800 − i28 MeV are even more compatible with the properties of Σ(1750)S 11 . These values found on the real axis are more compatible since they include the effect of the large decay widths of the vector mesons. Another known feature of Σ(1750)S 11 is its large branching ratio (15-55 %) to the ηΣ channel, which is also in agreement with our finding of its coupling to the ηΣ channel being the largest amongst the open channels (Table XI) . 
It can be seen that the PB amplitudes at low energy do not get altered by the two different VB interactions, implying that one can rely on t-channel diagrams (for both PB and VB channels) while studying the low lying PB resonances. In fact, the PB amplitudes at higher energies, where VB channels are open, also do not change from one case to the other except for the appearance of a clearer signal of a resonance at 1800 MeV in the ηΣ and πΛ channels, when the calculations are done by using the VB interactions obtained from Eq. (20) . These findings can be easily understood by noticing weaker couplings of the resonances, listed in Table XI , to the PB channels as compared to those of the VB channels. This also implies that it is more advantageous to study the resonances in the 1700-2200 MeV region by analyzing the reactions producing VB channels. The amplitudes for PB channels in isospin 0 also do not alter much by taking different VB interactions (see Fig .6 ), once again due to their weak coupling to the Λ resonances generated in VB systems (see Table X 
V. SUMMARY
We have studied the generation of baryon resonances in a wide energy range (1300 -2200
MeV) in pseudoscalar-baryon and vector meson-baryon strangeness −1 coupled channels.
We find ten states in our work which are summarized in Table XIII , together with their quantum numbers and with the possible corresponding known states. In Table XIII , we list the pole positions found in the complex plane as well as the masses and widths deduced from the peaks found in the squared amplitudes calculated on the real axis. It is important to give this latter information since the calculations are done in the complex plane assuming zero width for the ρ and K * mesons due to the complications explained in Refs. [19, 23] .
Thus, it is more meaningful to compare the masses and widths of the states obtained from the amplitudes calculated on the real axis with the properties of the known resonances.
However, we find it difficult to obtain this information clearly in case of the isospin 1 poles found near 1430 MeV and hence we do not give it. As can be seen in Table XIII, 
